Abstract Hyperactivated HER2/Neu/EGFR/RAS signaling is a major growth-promoting pathway known to drive cellular transformation and oncogenesis in breast cancers. HER2 amplification is detected in *20% of all human breast cancer and is quite prevalent (up to 49%) in ductal carcinoma in situ (DCIS). The E3 ubiquitin ligase SIAH is considered a key downstream ''gatekeeper'' required for proper HER2/EGFR/RAS signal transduction. Formalinfixed, paraffin-embedded resection specimens from 65 patients with DCIS treated with wide excision only were stained with an anti-SIAH antibody, and the percentage of tumor and normal adjacent tissue cells positive for SIAH nuclear staining were recorded. Statistical analysis was performed comparing SIAH staining in tumor cells to disease recurrence, histologic type, necrosis, hormone receptor status, and Her2/neu status, as well as nuclear grade. Correlation of SIAH expression in tumor cells with SIAH expression in normal adjacent tissue and age was also examined. Expression levels of SIAH in tumor cells was significantly higher in specimens from patients with recurrence (median = 19%) as compared to patients without recurrence (7%) (P \ 0.001). There was also significantly increased SIAH expression in tumors with more aggressive features including comedo morphology (13.5% in comedo vs. 7% in other histologic types, P = 0.014). No significant association was observed between SIAH expression and estrogen receptor, progesterone receptor, and Her2/neu status. There was a significant correlation between SIAH expression in tumors and normal adjacent tissue (Spearman correlation = 0.58, P \ 0.001) as well as between SIAH expression in normal adjacent tissue and patient age (Spearman correlation = -0.59, P \ 0.001). No significant correlation was identified between patient age and SIAH expression in tumors (Spearman correlation = -0.23, P = 0.067). In conclusion, SIAH may represent a useful prognostic biomarker that predicts DCIS progression to invasive breast cancer.
Introduction
Breast cancer is the most common cause of cancer in women representing 27% of all new cancer cases and is the second most common cause of cancer death in women overall after lung cancer [1] . An estimated 182,480 new cases of invasive breast cancer were diagnosed in the United States in 2008. With advances in early detection, the incidence of ductal carcinoma in situ (DCIS) has increased substantially over the last 30 years from 1% of all breast cancers in the 1970's to 20-45% of all new cases of mammographically detected breast cancer and 10% of all breast carcinoma in the 2000's [2] [3] [4] . Standard therapy for DCIS generally involves breast conserving surgery with or without radiation and adjuvant hormonal therapy. Tenyear cancer-specific survival for DCIS with current treatment is 97%. However, it has been argued that there is considerable overtreatment in many patients with associated morbidity from side effects as well as unneeded cost [reviewed in 3] . A better understanding of the molecular events underlying the development and progression of DCIS may identify novel prognostic biomarkers that could help guide optimal treatment selection and reduce costly overtreatment and treatment-associated morbidity.
Sanders et al. [5] examined the natural history of untreated, low grade, noncomedo DCIS and showed that 39.3% of these patients developed invasive breast cancer in the same quadrant as the initial biopsy with most events occurring within 10-15 years but with some as late as 23-42 years. Nearly half of the patients who developed invasive breast cancer died of metastatic disease 1-7 years after diagnosis [5] . The results of this study suggest that some patients can survive several years with DCIS without progression while others will develop life-threatening invasive carcinoma. Stratifying these patients using prognostic tumor markers may help to prevent both under and over treatment of biopsy identified DCIS.
SIAHs are the human homologs of Seven-In-Absentia (SINA), an evolutionarily conserved RING finger E3 ubiquitin ligase and essential downstream component of the Drosophila RAS signaling pathway-a critical ''gatekeeper'' required for proper RAS signal transduction [6, 7] . Two homologues, SIAH1 and SIAH 2, exist in humans, and have been shown to play a role in several pathways including those involved in response to DNA damage, the hypoxic response, estrogen signaling, inflammation, and RAS signaling [reviewed in 8]. SIAH acts as an essential downstream signaling component required for proper EGFR/HER2 and RAS signaling [9, 10] . Additionally, data from our laboratory suggests that SIAH is a downstream ''gatekeeper'' required for HER2/RAS-mediated tumorigenesis and metastasis in human breast cancer (Park et al. manuscript in preparation). These studies provide an initial glimpse into the significance of SIAH-dependent proteolysis in the ERBB/RAS signaling pathway during tumor progression and metastasis in human breast cancers. Understanding SIAH expression and regulation has the potential to provide novel anti-HER2/Neu/RAS and anticancer therapies and contribute to our understanding of the pivotal function of SIAH-dependent proteolysis in the genesis, progression, and metastasis of human breast cancer [9, 10] . To date, there are few studies addressing SIAH expression in invasive breast carcinoma. One group found that SIAH expression is down regulated in breast cancer brain metastases [11] while others found that SIAH expression is upregulated in infiltrating ductal and medullary carcinomas, except in tumors with aberrant b-catenin localization where SIAH expression is down regulated [12] .
The objective of our current study was to see if SIAH expression could predict DCIS recurrence and/or if SIAH expression was associated with other clinicopathologic factors associated with DCIS. To accomplish this objective, we examined SIAH expression in DCIS and adjacent normal tissue from patients treated with wide excision only.
Materials and methods

Patient selection
DCIS breast tissue was obtained from the surgical pathology files at Thomas Jefferson University Hospital (Philadelphia, PA) for a retrospective study with Institutional Review Board approval. A total of 65 consecutive patients who underwent surgical resection and for whom tissue was available were included in this study. Clinical and treatment information were extracted via chart review. All patients were treated with surgical excision only (no radiation or hormonal therapy) by the same surgeon (Gordon F. Schwartz, MD). Negative margins (C10 mm) were achieved at the conclusion of excision or re-excision and removal of all suspicious calcifications was confirmed on postoperative mammography. Patients with DCIS involving more than 1 quadrant were treated by mastectomy and were excluded from this study. The date of diagnosis and recurrence were defined as the date of surgery leading to the relevant pathologic diagnosis. The presence of DCIS, invasive cancer, or absence of disease at the last follow-up was established as the study endpoint. Follow-up ranged from 53.4 to 202.1 months (median = 100.8, mean = 114.1). Patients who developed invasive ductal carcinoma within 6 months of a DCIS diagnosis were excluded because invasive ductal carcinoma was felt to be part of their original disease and not recurrence. For each case, the histological pattern (cribriform, solid, comedo, papillary, micropapillary), the presence or absence of necrosis, and nuclear grade were evaluated. Hormone receptor and HER2 status was obtained from pathology reports. This study was designed and executed as per the REMARK criteria for tumor marker studies [13] .
Immunohistochemistry
Formalin-fixed, paraffin-embedded tissue sections were cut at 4 lm and deparaffinized by usual techniques. Antigen retrieval was carried out using 1 mM EDTA (pH 8.0) in a preheated 98°C steamer for 30 min. Slides were treated with 3% H 2 O 2 to inactivate endogenous peroxidase. Sections were incubated with mouse monoclonal anti-SIAH 24E6 monoclonal antibody [9, 10] at a 1:40 dilution for 60 min at room temperature. Visualization was carried out using DAKO's Dual ? Envision link (K4061, DAKO North America, Inc., Carpinteria, CA) followed by incubation with diaminobenzidine and counterstaining with hematoxylin. Percentage of DCIS cells and normal breast tissue positive for SIAH nuclear staining was recorded. Scoring was performed by an experienced pathologist with no prior knowledge of patient age, disease recurrence, hormone receptor, or HER2 status.
Statistical analysis
Association between SIAH expression in DCIS with recurrence, necrosis, comedo histology, estrogen receptor, progesterone receptor, and HER2 status was analyzed using the Wilcoxon two-sample test. Association between SIAH expression and nuclear grade or age group (B40, 40-60, [60) was evaluated using the Kruskal-Wallis test. Correlation between SIAH expression in DCIS and normal breast tissue was evaluated with the Spearman correlation coefficient. Logistic regression and Receiver Operating Characteristic (ROC) curves were used to evaluate the utility of SIAH expression in DCIS and normal breast tissue for predicting disease recurrence. A P value of 0.05 was considered statistically significant for all analyses. Goodness of fit for the logistic regression models was assessed using the Hosmer and Lemeshow Test. All analyses with statistical plots were performed with SAS software Version 9.2 (SAS Institute Inc., Cary, NC, USA).
Results
Patient ages ranged from 32 to 91 (median: 56, mean: 58.9). Of 65 patients, 10 recurred as DCIS and 7 as invasive carcinoma. Three of 7 patients with invasive recurrence had lymph node metastases. The overall recurrence rate in this study is 26.2%. None of the standard potential prognostic factors (nuclear grade, necrosis, comedo histology, ER, PR, and HER2) were significantly associated with recurrence status.
SIAH expression in DCIS was compared to recurrence status as well as various clinicopathologic factors (Table 1) . Because there is no standardized scoring system for SIAH immunohistochemical staining, we chose to score based on percentage of cells positive for SIAH staining. 
SIAH expression predicts DCIS progression and disease recurrence
Expression levels of SIAH were significantly higher in DCIS cases associated with recurrence (median = 19%, range = 4-40%) as opposed to DCIS with no recurrence on follow up (median = 7%, range = 1-40%) (P \ 0.001). SIAH expression was significantly higher in lesions with necrosis (median = 11%, range = 2-40%) than in lesions without necrosis (median = 8%, range = 1-30%) (P = 0.037). SIAH expression was also significantly higher in lesions with comedo histology (median = 13.5%, range = 3-40%) as opposed to those without comedo histology (median = 8%, range = 1-30%) (P = 0.014). SIAH expression also increased (P = 0.003) with increasing nuclear grade (grade 1: median = 2%, range = 1-16% for grade 1; grade 2: median = 8.5%, range = 2-30%; and grade 3: median = 15%, range = 3-40%). No significant association was observed between SIAH expression and age or estrogen receptor (ER), progesterone receptor (PR), or HER2 receptor status.
When tumor recurrence was separated by type (invasive carcinoma vs. DCIS; Table 2 ), SIAH expression was significantly higher in primary DCIS associated with invasive recurrence (median 21 vs. 15.5%; P = 0.036). Significant correlation was found between SIAH expression in DCIS and in normal breast tissue (see Table 3 , Spearman correlation coefficient = 0.53, P \ 0.001). In normal breast tissue, the median SIAH expression levels were higher in women who had invasive recurrence when compared to normal breast tissue adjacent to nonrecurrent DCIS (median 3 vs. 0.5%; P = 0.023).
Since younger patients have an increased risk of DCIS recurrence, correlation between SAIH expression in DCIS, normal breast tissue, and patients' age was also examined (Table 3) [14, 15] . Significant negative correlation was found between SIAH expression in normal adjacent tissue and patient age (Spearman correlation coefficient = -0.54, P \ 0.001). No statistically significant correlation was found between patient age and SIAH expression in DCIS (Spearman correlation coefficient = -0.23, P = 0.067).
SIAH expression in DCIS and normal breast tissue were found to be significant predictors of disease recurrence using a univariate logistic regression model (P = 0.003 for DCIS and P = 0.013 for normal adjacent tissue). Additionally, the odds ratios associated with 1%, incremental increases in SIAH expression were determined (Table 4) . A 1% increase in SIAH expression in DCIS predicts a 10% increase in odds of recurrence (odds ratio = 1.10, 95% CI: 1.03, 1.16), while a 1% increase in SIAH expression in normal breast tissue predicts a 31% increase in odds of recurrence (odds ratio = 1.31, 95% CI: 1.06, 1.62). The higher odds ratio for SIAH expression in normal breast tissue is consistent with the smaller range of SIAH expression in normal breast tissue (0-11%) as compared to DCIS (1-40%).
When SIAH expression in neoplastic and normal adjacent breast tissue was considered jointly in a multivariate logistic regression model, SIAH expression in normal breast tissue was not a significant predictor of recurrence. Therefore, reduction to a parsimonious model, which is necessary for data with a small number of recurrences, resulted in the logistic regression model including only one predictor, SIAH expression in DCIS.
Survival ROC curves
A ROC curve was created to further assess the use of SIAH expression in DCIS as a predictor for disease recurrence. In the absence of the standard categorical grading system for SIAH expression, our study aimed to propose a meaningful cutoff to classify SIAH expression as ''negative'' vs. ''positive'' for the purpose of predicting recurrence. The ROC curve methodology is specifically designed to address the question of optimal cutoffs. The Area Under the Curve (AUC) for recurrence was used to evaluate the performance of SIAH expression as a novel predictor in the model. The ROC curve based on SIAH expression in DCIS had an area under the curve of 0.79 (Fig. 3) . A candidate optimal cutoff of 15% (''negative'' SIAH expression B 15% and ''positive'' SIAH [ 15%) corresponds to 28% probability of recurrence (labeled on the ROC curve as 0.28) and yields 76% sensitivity (13 of 17 correctly predicted recurrences; 95% CI: 50-93%) and 79% specificity (38 of 48 correctly predicted non-recurrences; 95% CI: 65-90%). This candidate optimal cutoff would need to be validated in future larger studies utilizing automated technology.
Discussion
In the current study, we examined SIAH expression in primary DCIS treated with wide excision only and in adjacent normal breast tissue. We found that increased SIAH expression in DCIS was correlated with subsequent disease recurrence and increased risk of progression. Increased SIAH expression was also correlated with more aggressive features including comedo histology and increasing nuclear grade. However, aggressive features alone were not significantly associated with disease recurrence. We feel this potential discrepancy is not due to size of the patient cohort since other studies with larger numbers of patients have also found a lack of correlation between DCIS with aggressive features and increased recurrence in patients treated with wide excision only [16] . Rather, we feel that SIAH has a relatively strong predictive value that is evident in the current study population. SIAH expression in DCIS was positively correlated with expression levels in normal breast tissue with younger patients having higher SIAH expression in normal adjacent breast tissue. In a univariate logistic regression analysis, SIAH expression in DCIS and normal adjacent tissue were both able to predict recurrence. A multivariate analysis controlling for age, necrosis, comedo, and histologic subtype was not possible due to the small number of recurrences [17, 18] . Additionally, a ROC curve using 15% as a cutoff for positive SIAH staining resulted in a sensitivity of 76% and a specificity of 79% for disease recurrence. These data suggest that SIAH may be a potential biomarker for disease recurrence in patients with DCIS. In the future, we hope to expand our study to validate our findings in patients treated with radiation and/or tamoxifen in addition to surgery.
Numerous biomarkers have been investigated for risk stratification of patients with DCIS. Elevated Ki-67 levels, p53 mutations, and HER2 amplification are known to be associated with increased nuclear grade and necrosis which have also been associated with disease recurrence and progression [reviewed in 3]. p53 mutations and HER2 amplification have been seen in 25 and 30% of DCIS, respectively. Other cell cycle markers have also been studied including p21, p27, and cyclin D1 [reviewed in 3]. Despite these studies, no single biomarker has been identified to guide proper and effective therapies.
Another group, Tsikitis et al., has suggested a new classification scheme based on the combination of molecular and histologic characteristics of DCIS [19] . The histological features of aggressive lesions include comedo necrosis, high nuclear grade, and negative hormone receptor status while the molecular features include increased Ki-67, p53 mutation, HER2 amplification, increased COX2 expression, loss of heterozygosity at 11q13, and increased angiogenesis [19] . Less aggressive DCIS has lower Ki-67, normal p53, no HER2 amplification, and deletion of chromosome 16. They suggested that their classification scheme helps separate patients who will develop invasive breast cancer within a short period of time (2-5 years) necessitating more aggressive treatment from those who will develop invasive breast cancer over a longer period of time (10-20 years) [19] .
In the current study, SIAH expression was found to be correlated with nuclear grade and comedo histology. However, more importantly, we were able to show an increase in the odds ratio for recurrence with increased SIAH expression in DCIS as well as normal breast tissue. Despite the correlation of SIAH expression with more aggressive tumor biology, the exact mechanism of increased SIAH expression in tumorigenesis is unknown. However, increased SIAH expression has been seen in both neoplastic and non-neoplastic proliferating cells [9, 10] . Therefore, it is not surprising that SIAH expression is associated with more aggressive lesions given that these lesions also tend to have an increased mitotic index, i.e., increased Ki-67.
Paradoxically, SIAH was initially thought to be a tumor suppressor gene [reviewed in 8] . However, recent studies have shown that decreased SIAH function results in inhibition of tumor growth [9, 10, reviewed in 8] . Indeed, recent studies using anti-SIAH molecules (shRNA knock down and dominant negative SIAH) have shown that SIAH deficiency significantly impedes lung and pancreatic tumor growth in vitro and in vivo [9, 10] . Also, Bowtell and Möller found that SIAH expression was strongly upregulated in ER-positive breast tumors arguing against a role for SIAH as a tumor suppressor [unpublished observations, reviewed in 8]. In contrast, we found no correlation between SIAH expression and ER expression in this study.
Interestingly, we also found an inverse correlation between SIAH expression in normal breast tissue and patient age (Spearman correlation = -0.54, P \ 0.001) as Fig. 3 Receiver operating characteristic (ROC) curve for SIAH expression in DCIS as a predictor for disease recurrence. The area under the curve is 0.79. A candidate optimal cutoff of 15% corresponds to 28% probability of recurrence and yields 76% sensitivity and 79% specificity well as a trend toward an inverse correlation between SIAH expression in DCIS and patient age (Spearman correlation = -0.23, P = 0.067). It has long been known that DCIS in younger patients has a higher risk of recurrence. In a recent study of 657 patients, Collins et al. found that DCIS in young women was more likely to be symptomatic and more extensive at presentation and was also more likely to involve cancerization of the lobules. Interestingly, there was no correlation found with histologic features known to be associated with more aggressive disease such as high nuclear grade, comedo necrosis, or architectural pattern. Collins et al. also interrogated currently used molecular markers (ER, PR, and Her-2) and found no correlation with age. They propose that more aggressive disease may be related to less screening in younger patients which causes lesions to become more extensive at presentation [14] .
Another study addressing molecular markers and histologic features of DCIS in relation to age showed a trend toward higher HER2 expression in younger patients with DCIS. They also showed a correlation of HER2 expression with high-grade lesions, ER and PR negativity, and increased Ki-67. However, due to a small number of patients examined, the study was unable to show a statistically significant difference in the presentation of these aggressive features in DCIS in younger patients [15] . Again, this study failed to conclusively tie currently used molecular markers to lesions that are more aggressive, i.e., DCIS in younger patients. Our study demonstrated a significant correlation between increased SIAH expression in normal breast tissue adjacent to DCIS lesions and younger patient age suggesting an overall difference in breast tissue biology in younger and older patient populations which may predispose younger patients to the development of more aggressive DCIS.
Another biomarker, Enhancer of Zeste 2 (EZH2), a Polycomb family of transcription repressors, has also been shown to have an increased expression in normal breast tissue adjacent to atypical ductal hyperplasia and DCIS [20, 21] . The group that discovered this relationship was able to show that this was not simply a ''field effect'' but rather was a biomarker for breast tissue at risk for the development of invasive carcinoma. This relationship was demonstrated by increased EZH2 expression in benign breast biopsies from patients that later developed carcinoma as well as in morphologically normal mammary tissue from prophylactic mastectomy specimens of patients with BRCA1 mutations. Interestingly, like SIAH, EZH2 expression is increased with increasing nuclear grade and comedo-type histology. The authors of this study suggest that EZH2 could be used as a novel biomarker to predict which patients are at increased risk for the development of invasive breast carcinoma [20, 21] .
Recently, Chen et al. examined the molecular profile of invasive ductal carcinoma (IDC) and compared it to normal adjacent breast tissue using microarray analysis [22] . They found that a subset of normal adjacent breast tissue had a molecular signal similar to invasive ductal carcinoma despite the fact that there was no morphological evidence of carcinoma or other premalignant conditions such as DCIS or atypical ductal hyperplasia. The genes comprising the molecular signal for invasive ductal carcinoma were primarily those involved in cell adhesion and proliferation. Interestingly, genes involved in proliferation were overrepresented in the molecular signal of the normal adjacent breast tissue with an invasive ductal carcinoma-like signature suggesting that genes involved in proliferation are important early in the development of breast carcinoma [22] . Another group has found that SIAH expression is associated with proliferating cells [9, 10] . Therefore, increased SIAH expression may be a biomarker for cells with a more ''proliferative'' gene expression profile. This is consistent with the function of SIAH as an essential signaling module downstream of the RAS signaling pathway that drives cell proliferation, tumor growth, and metastasis. Also, the active stromal or adjacent pre-malignant tissues may be primed to facilitate tumor progression and invasion or are at an increased risk for the development of primary or recurrent carcinoma. Indeed, in our study, we found that a 1% increase in SIAH expression in DCIS lesions results in a 10% increase in the odds of recurrence while a 1% increase in SIAH expression in normal adjacent tissue results in a 31% increase in the odds of recurrence.
In summary, we evaluated SIAH expression in a cohort of 65 DCIS patients who underwent surgical resection only for local disease and with extensive follow-up data. We found that SIAH expression alone is a good predictor of disease recurrence in DCIS patients with a sensitivity of 76% and a specificity of 79%. It is conceivable that the use of SIAH expression in combination with other biomarkers such as EZH2 may further increase overall specificity and sensitivity of these novel prognostic biomarkers thereby allowing us to more accurately identify those patients at the highest risk for development and/or recurrence of breast carcinoma. This will allow for use of more aggressive treatments in the DCIS population with poor prognosis and may prevent overtreatment in patients with highly favorable prognosis.
